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OBJECTIVE — To investigate the association of the dietary pattern with the presence of
newly diagnosed glucose tolerance abnormalities among Chinese adults.
RESEARCH DESIGN AND METHODS — A total of 20,210 adults aged 45–69 years
from the 2002 China National Nutrition and Health Survey were included. Information on
dietary intake was collected using a validated food frequency questionnaire. Factor analysis and
cluster analysis were used to identify the food factors and dietary pattern clusters.
RESULTS — Four dietary pattern clusters were identiﬁed (“Green Water,” “Yellow Earth,”
“Western Adopter,” and “New Afﬂuence”). The prevalence of glucose tolerance abnormalities
ranged from 3.9% in the Green Water to 8.0% in the New Afﬂuence. After adjustment for area,
age, sex, current smoking, and physical activity, subjects in the Yellow Earth cluster (prevalence
ratio 1.22 [95% CI 1.04–1.43]) and New Afﬂuence cluster (2.05 [1.76–2.37]) had signiﬁcantly
higher prevalence rates compared with those for the Green Water cluster. After further adjust-
ment for BMI and waist-to-height ratio, the elevated risk in the New Afﬂuence remained statis-
tically signiﬁcant.
CONCLUSIONS — Dietary patterns and food factors are associated with the presence of
glucose tolerance abnormalities in China, even independent of obesity. A New Afﬂuence diet is
an important modiﬁable risk factor, which needs attention from the prevention point of view.
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T
he prevalence of type 2 diabetes is
increasing rapidly worldwide (1).
The 2002 China National Nutrition
and Health Survey showed that 2.6% of
Chinese adults have diabetes, translating
to 20 million people (2). Behavior and
lifestyle factors, such as eating habits and
physical activity, are recognized as play-
ing an important role in the development
of diabetes. The traditional approach to
investigate diet-disease associations fo-
cuses on single dietary components, such
as single nutrients or foods (3–8). How-
ever, individuals eat meals instead of
foods or nutrients, making it more difﬁ-
cult to separate the effect of individual di-
etary components. The effect of the
overall diet can be studied with dietary
pattern analyses. This approach is used
increasinglyinstudiesontherelationship
between diet and diabetes among West-
ern populations. Some studies suggest
that the adoption of a Western dietary
pattern, characterized by red meat, pro-
cessed meat, French fries, high-fat dairy
products, reﬁned grains, sweets, and des-
serts, may be associated with increased
incidence of type 2 diabetes (9–12).
Little work, however, has been done
to investigate Asian dietary patterns and,
in particular, the Chinese diet. Recently
four Chinese dietary patterns were iden-
tiﬁedinastudyondietaryhabitsandobe-
sity among Chinese adults (13). The
dietary patterns identiﬁed were consid-
ered to be highly realistic within the nu-
trition transition framework in China. In
the present study, we used these four di-
etary patterns to investigate the associa-
tionwiththepresenceofnewlydiagnosed
glucose tolerance abnormalities in China.
RESEARCH DESIGN AND
METHODS— The 2002 China Na-
tional Nutrition and Health Survey is a
national representative cross-sectional
study on diet and chronic disease. It cov-
ered all 31 provinces, autonomous re-
gions, and municipalities directly under
thecentralgovernmentthroughoutChina
(exceptTaiwan,HongKong,andMacao).
Participants were recruited by use of a
stratiﬁed multistage cluster sampling de-
sign. The country was divided into six
strata: large cities, small to medium cities,
class1ruralareas,class2ruralareas,class
3 rural areas, and class 4 rural areas, ac-
cording to their economic characteristics
and social development. The ﬁrst stage of
sampling involved the random selection
of 22 districts (urban) or counties (rural)
from each of the six strata. The second
stage involved the random selection of
three neighborhoods (urban) or town-
ships (rural) from each of the selected
districts/counties. From each of the
neighborhoods or townships, two resi-
dential committees (urban) or villages
(rural)wererandomlyselected;90house-
holds were randomly sampled from each
village. A total of 795 residential commit-
tees or villages and 68,828 families were
sampled. About one-third of households
were selected to participate in the dietary
survey. All participants aged 15 years
completed an interview with a structured
food frequency questionnaire. All family
members of these dietary survey partici-
pants, who were aged 2 years, were in-
vited for the measurement of fasting
blood glucose. An oral glucose tolerance
test (OGTT) was undertaken in subjects
whose fasting glucose was 5.5 mmol/l.
Once the village/neighborhood com-
mittee decided to participate, the individ-
ual response rate was always 90%. Of
the 68,925 subjects who attended the di-
etary survey, 60,158 participated in the
fasting glucose measurement, a response
rate of 87%. Among the 5,887 subjects
whose fasting glucose level was 5.5
mmol/l and who should therefore have
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did (response rate 31%). Among the sub-
jects who ﬁnalized the food frequency
questionnaire,6%wereexcludedbecause
of extreme values, including daily energy
intake 5,000 kcal. Further details on
this survey have been published else-
where (2).
Forthepresentstudy,weuseddataof
20,866 subjects aged 45–69 years who
had a completed a food frequency ques-
tionnaire and underwent fasting blood
samplingforanalysisofbloodglucose.All
subjects who were known to have diabe-
tes before the survey were excluded from
the analyses (n  656), because they may
have changed their dietary habits. The ﬁ-
nal study population comprised 20,210
individuals.
Dietary assessment
A validated semiquantitative food fre-
quency questionnaire was used to inves-
tigate the usual diet in the previous 1 year
before the study (14). A previous article
described the construction of dietary pat-
terns by using factor analysis combined
with cluster analysis in 56,442 men and
womenaged18yearsinthe2002China
National Nutrition and Health Survey
for whom dietary data were complete
(13). In short, four factors were identi-
ﬁed by applying the principal compo-
nents method with oblique rotation
based on the quartiles of the consump-
tion quantity (online Appendix 1, avail-
able at http://care.diabetesjournals.org/
cgi/content/full/dc09-0714/DC1).
Subsequently, we used the factor
scores in cluster analysis with a two-step
approach. First, hierarchical cluster anal-
ysis by randomly ﬁltering 1% of the total
number of participants was used to help
identify the number of clusters and to de-
termine the initial cluster centers for the
subsequent K-means cluster analysis. A
plot of the agglomeration coefﬁcients in
the successive steps revealed an elbow
at the four-cluster solution. We then
saved the means of the four clusters as
initial cluster centers for the K-means
cluster. By using the output from the hi-
erarchical clustering, the K-means cluster
method was used to calibrate the solution
for all cases. In the end, all cases were
assigned to each of the four clusters (on-
line Appendix 2). We calculated the aver-
age food consumption of different diet
patterns as the average amount (grams)
perreferencemenperday,amanbeingan
18-year-oldmanwithlightphysicalactiv-
ity level, whose reference energy intake is
2,400 kcal. Mean values of individual
amounts in reference men among each
group were then calculated. According to
these characteristic of food intake, the
four dietary patterns were labeled as
“Green Water” (like the rice area in the
Southeast), “Yellow Earth” (their food is
mainly produced on the dry and hilly
land, like the mountain area in the North-
west), “New Afﬂuence” (mainly well-to-do
individuals), and “Western Adopter”
(mainly young individuals, a more West-
ern-oriented food style), respectively.
Ascertainment of glucose tolerance
abnormality
Fasting blood glucose levels were mea-
sured by trained technicians, and an
OGTT was taken from subjects whose
fasting glucose was 5.5 mmol/l. For in-
terpretation of the fasting and 2-h OGTT
glucose levels, criteria from the World
Health Organization Expert Committee
on Diabetes Mellitus (1999 criteria) were
used. Subjects were classiﬁed as diabetes
(type 2 diabetes), impaired glucose toler-
ance (IGT), or impaired fasting glucose
(IFG). In the present study, the diagnosis
glucose tolerance abnormality includes
type 2 diabetes, IGT, and IFG.
Measurement of behavioral factors
Information on current smoking and
drinking was collected by trained investi-
gators from face-to-face interviews. Cur-
rent smoking was identiﬁed as having
smoked at least one piece a week in the
past 30 days, and alcohol drinking was
identiﬁedasdrinkingalcoholatleastonce
per week.
BMI (weight in kilograms divided by
the square of height in meters) was calcu-
lated from direct measurements of fasting
bodyweightandheight.Ourrecentstudy
(15)showedthatthewaist-to-heightratio
(WHtR) was more strongly associated
with (pre-)diabetes than waist circumfer-
ence in Chinese adults, so we used WHtR
as an indicator of abdominal obesity.
Physical activity was recorded as a three-
level variable (light, moderate, and
heavy),asrecommendedbytheChinaNu-
trition Society (16), to reﬂect total energy
expenditure.
Statistical methods
Factor analysis and cluster analysis were
performed by using the SPSS statistical
system (version 13.0; SPSS, Chicago, IL).
Subjects’ characteristics were compared
between the dietary clusters using the 
2
statisticfordiscretevariablesandANOVA
for continuous variables. The age-adjusted
and multiple adjusted prevalence ratios
and their 95% CIs of glucose tolerance
abnormality between different dietary
clusters and different food factors were
calculatedafteradjustmentforage,family
history of diabetes, smoking status,
WHtR, and physical activity level using
the Cox regression analysis PHREG Pro-
cedure in SAS (version 9.1; SAS Institute,
Cary, NC), in which survival time is arti-
ﬁcially set equal to 1 (17).
RESULTS
Subject characteristics
As shown in Tables 1 and 2, the Green
Water cluster was characterized by living
in rural areas, having higher physical ac-
tivity, being more likely to smoke and
drink alcohol, but being less frequently
overweight and obese, and having a
higher consumption of rice and vegeta-
bles and a moderate intake of animal
foods. The Yellow Earth cluster was char-
acterized by higher consumption of
wheat ﬂour, tubers, and other cereals and
lower consumption of vegetables, fruit,
andanimalfood.TheNewAfﬂuenceclus-
ter was characterized by living in urban
areas, being less physical active, having
more smokers, alcohol users, and over-
weight individuals, and having a higher
intake of animal foods and soybean prod-
ucts. The Western Adaptor diet was char-
acterized by a high consumption of
animal food, cakes, and drinks.
Dietary pattern and glucose
tolerance abnormality
The prevalence of glucose tolerance ab-
normalities was signiﬁcantly different
amongsubjectswithdifferentdietarypat-
terns. Subjects of the Green Water cluster
had the lowest prevalence of glucose tol-
erance abnormality (3.9%), whereas the
highest prevalence was found in the New
Afﬂuence pattern (8.0%) (Table 1).
After adjustment for area, age, sex,
smoking, alcohol drinking, physical ac-
tivity level, and family history of diabetes,
the association between diet clusters and
glucose tolerance abnormalities was at-
tenuated but remained signiﬁcant for the
New Afﬂuence (prevalence ratio 1.45
[95% CI 1.21–1.72]) and Yellow Earth
(1.26 [1.07–1.48]) clusters. The associa-
tion disappeared after further adjustment
forBMIorWHtRintheYellowEarthclus-
ter but remained signiﬁcant in the New
Afﬂuence cluster (Table 3).
He and Associates
care.diabetesjournals.org DIABETES CARE, VOLUME 32, NUMBER 11, NOVEMBER 2009 1973CONCLUSIONS — Currently,China
is undergoing a remarkably fast shift to-
ward a stage of nutrition transition dom-
inated by a high intake of fat and animal
foods,aswellasahighprevalenceofdiet-
related chronic diseases, such as obesity,
diabetes, and cardiovascular disease
(2,18). The four dietary patterns identi-
ﬁed reﬂect the main dietary characteris-
tics of the Chinese population under
nutrition transition. In addition, we
found that these dietary patterns are asso-
ciated with the presence of glucose toler-
ance abnormalities. The Green Water
pattern, characteristically high in rice and
vegetables and moderate in animal foods,
was found in the rich rural areas. It was
the largest cluster but had the lowest
prevalence of glucose tolerance abnor-
mality and was therefore used as the ref-
erence. Compared with the Green Water
pattern, the New Afﬂuence pattern was
associated with a substantially higher risk
of glucose tolerance abnormalities, inde-
pendent of confounders as well as of in-
dicators of body fatness.
TheindividualswiththeGreenWater
pattern are rice eaters foremost and have
the highest consumption of vegetables
and moderate use of animal food. This
pattern represents the traditional Chinese
diet. Our ﬁnding that the prevalence of
glucose tolerance abnormalities is low in
this cluster is in line with results of previ-
ous studies in different populations,
which have shown an inverse association
between consumption of vegetables and
the risk of type 2 diabetes (8,10,19,20).
Unlike others (9,10,19), we found that
fruit was located in a dietary factor differ-
entfromvegetablesandwaspositivelyas-
sociated with diabetes. This ﬁnding may
be explained by the fact that fruit is con-
sidered a healthy, but expensive, food in
some Chinese populations.
MembersofNewAfﬂuenceandWest-
ern Adopter clusters are to a large extent
less poor, more highly educated, and, in
general, living in urban areas. They can
afford more expensive foods. These Chi-
nese individuals have beneﬁted most
from the dramatically enhanced eco-
nomic opportunities, and they have bro-
ken away from the traditional Chinese
food culture. As the classic food pattern
shifts, intakes of cereals, vegetables, and
many lower-fat, mixed dishes are being
replaced,animalfoodsarebecomingpop-
ular, and the consumption of edible oil is
increasing quickly. High consumption of
animal foods is probably accompanied by
a greater intake of saturated fatty acids,
which may increase the risk of diabetes
(21–23).Westernstudiesshowedthatthe
Western dietary pattern, characterized by
higher intakes of red and processed meat,
sweets, and dessert, may increase the risk
of type 2 diabetes (11,21).
The Yellow Earth pattern is a typical
Chinese high-carbohydrate diet, which
consistsofavarietyofcerealproductsand
tubers, contributing as the primary
source of caloric intake. The Yellow Earth
pattern is characterized by the highest in-
take of staples compared with the other
three patterns. A high intake of staples
wasassociatedwiththeriskofdeveloping
type 2 diabetes in China (24). The mem-
bers of the Yellow Earth cluster were pri-
marily concentrated in the Northwest
rural areas in China. Malnutrition and
overnutritioncoexistinthisarea.Thisisa
vulnerable group that deserves special
attention from researchers and policy
makers.
In our study, the association between
dietarypatternsandglucosetoleranceab-
normalities was attenuated after adjust-
ment for lifestyle and socioeconomic
factors. Because obesity may be an inter-
mediate step in the pathway between diet
and type 2 diabetes, one can argue that
the models adjusted for BMI or WHtR
present an overadjustment. After adjust-
ment for obesity, the elevated risk disap-
peared in the Yellow Earth and Western
Adopter clusters but remained signiﬁcant
in the New Afﬂuence cluster. Thus, body
Table 1—Selected characteristics of Chinese adults according to dietary cluster (2002 China
National Nutrition and Health Survey)





n (%) 7,314 (36.2) 5,651 (28.0) 4,923 (24.4) 2,322 (11.5)
Sex (% men) 49.6 45.2* 46.5* 50.3
Age (%)
45–59 years 74.3 72.0* 69.1* 75.1
60–69 years 25.7 28.0 30.9 24.9
Area (%)
Urban 24.1 15.9* 64.2* 65.4*
Rural 75.9 84.1 35.8 34.6
Current smoker (%) 32.6 28.6* 27.8* 30.3*
Alcohol drinker (%) 28.7 16.5* 22.8* 29.0
BMI (%)
18.5 kg/m
2 8.9 5.2* 2.6* 3.2*
18.5–23.9 kg/m
2 61.8 53.3 40.3 44.4
24–27.9 kg/m
2 22.9 29.7 39.8 37.5
28 kg/m
2 6.4 11.8 17.3 14.9
WHtR 0.5 (%) 37.1 45.6* 59.9* 55.8*
Physical activity level (%)
Light 33.9 32.5* 71.5* 72.6*
Medium 17.7 20.5 12.2 15.9
Heavy 48.4 47.0 16.3 11.5
Annual family income per
person (%)
2000 RMB 45.9 65.7* 25.0* 16.2*
2000–4,999 RMB 34.1 24.5 27.2 26.3
5,000 RMB 20.0 9.8 47.8 57.5
Education level (%)
Illiterate 21.3 23.1* 8.2* 6.9*
Primary school 45.9 41.0 27.1 26.5
High school 31.1 34.7 55.9 55.8
Above high school 1.7 1.2 8.8 10.8
Glucose tolerance abnormality
(%) 285 (3.9) 271 (4.8)* 394 (8.0)* 146 (6.3)*
Diabetes 148 (2.0) 123 (2.2) 213 (4.3)* 80 (3.5)*
IFG 107 (1.5) 114 (2.0)* 134 (2.7)* 54 (2.3)*
IGT 55 (0.8) 56 (1.0) 77 (1.6) 24 (1.0)
Data are n (%) or %. *Signiﬁcantly different from Green Water pattern (Pearson 
2 test), P  0.05.
Diet and glucose tolerance abnormalities
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high-risk groups. However, after taking




glucose metabolism and warrants even
more public health attention to this di-
etary pattern. Adjustment for body fat-
ness is often also used for methodological
reasons. Because BMI and waist are im-
portant predictors of glucose tolerance
and diabetes, the statistical efﬁciency of a
model is improved by adding these im-
portant determinants. In addition, over-
weight subjects are in general known to
selectively report their dietary intake,
which is also possibly true in China, and
including BMI in a model may partly
account for this. However, residual
confoundingmayhavebeenpresent,result-
ing in underadjustment as BMI or WHtR
becausebodyfatnessandcompositionwere
estimated rather than perfectly measured
using these anthropometric indicators.
The strengths of this study include
theextensiveinformationondietandlife-
style, the high quality of the data col-
lected, and the national representative
sample size available for analysis that has
allowed us to assess the risk of develop-
ment of glucose tolerance abnormalities
in the general Chinese population. An-
other strength is the statistical technique
that combined factor analysis and cluster
analysis to identify Chinese dietary pat-
terns. Factor analysis is widely used to
reducedataandtoextractasmallnumber
of factors depending on the correlation
matrix, whereas cluster analysis is per-
formed to further classify elements of dif-
ferent sources on the basis of their
similarities. Cluster analysis based on fac-
tor analysis can better embody the effect
of every diet factor.
There are also some limitations. First,
by using a cross-sectional study, we can-
notformallydrawconclusionsaboutcau-
sality. However, it should be noted that
when diet and nonclinically diagnosed
glucose abnormalities are investigated, it
is unlikely that reverse causality has
played a role. Second, dietary intake was
assessed by a single food frequency ques-
tionnaire referring to a period of 1 year.
Dietaryhabitsmaychangeoveralifetime,
and these changes in dietary habits may
have had an additional impact on diabe-
tes. Above all, after rapid economic and
social changes, Chinese dietary patterns
and lifestyle have changed substantially,
and an unbalanced dietary pattern, includ-
ing undernutrition and overnutrition, may
increase the risk of development of type 2
diabetes in China. Another limitation of
the present study is the low response rate
for the OGTT. The individuals whose
fasting glucose level was 6.1 mmol/l
and 2-h glucose level was 7.8 mmol/l
were misclassiﬁed from glucose toler-
ance abnormalities to normal. This may
havedilutedtheassociationbetweendi-
etary pattern and glucose tolerance ab-
normalities. However, the amount of
misclassiﬁcation is likely to have been
relatively small. Among the 31% of sub-
jectswhounderwentanOGTT,only8%
were found to have IGT or diabetes, In
addition, subgroup analysis with or
without subjects who were tested for
glucose tolerance did not change the
our results.
Asthenumberofdiabeticpatientshas
already been estimated to be 20 million
in 2002, we can expect a considerable
public health burden in the near future in
China and prevention is urgently war-
Table 2—Dietary intake of Chinese adults according to dietary cluster (2002 China National
Nutrition and Health Survey)
Green Water Yellow Earth New Afﬂuence Western Adopter
Rice and rice
products 399.6  157.7 91.0  115.5* 156.4  118.3* 233.1  144.7*
Wheat and products 26.4  51.1 264.9  183.3* 170.5  165.1* 99.1  122.2*
Other cereals 4.6  28.2 59.8  85.8* 27.3  54.3* 16.9  34.9*
Starchy tubers 18.3  41.4 70.8  104.9* 42.0  68.2* 30.5  48.9*
Pork 47.8  55.8 16.1  33.8* 52.4  60.5* 64.7  65.7*
Beef/lamb 2.1  8.7 2.9  19.5* 14.2  35.3* 12.5  35.9*
Poultry 8.0  24.6 1.4  8.8* 12.9  35.1* 16.1  27.3*
Fish and shrimp 23.7  45.7 3.3  14.5* 27.7  48.9* 35.5  47.6*
Eggs 19.6  24.4 29.2  34.1* 47.0  38.5* 39.3  33.2*
Dairy products 6.6  44.9 15.1  74.4* 104.8  168.6* 98.1  159.0*
Soybean products 9.9  14.0 7.2  10.3* 14.7  16.8* 14.4  13.5*
Dry beans 5.1  30.8 6.4  35.1* 10.0  44.5* 11.9  39.4*
Vegetables 309.0  175.6 184.9  155.9* 248.7  160.5* 273.1  161.4*
Dry vegetables 3.3  21.7 3.3  22.6* 5.0  33.4* 4.5  26.0*
Cake 3.4  16.3 2.2  10.2* 12.6  28.7* 18.7  30.4*
Fruit 43.1  63.8 50.6  73.1* 113.0  101.1* 114.6  98.6*
Nuts 3.0  14.4 2.5  12.2 8.5  22.4* 12.5  25.6*
Low-degree alcohol 11.9  63.3 5.2  71.8* 5.8  30.6* 8.5  38.9*
High-degree alcohol 14.5  182.0 5.4  29.6* 10.7  83.9 8.3 35.0
Beer 28.2  317.0 7.1  60.0* 25.4  177.2 67.0  596.1*
Wine 0.7  29.2 0.2  7.2 0.8  13.3 6.2  207.6
Juice 2.5  19.2 1.4  16.0* 4.4  29.1* 32.9  66.7*
Other beverages 9.2  65.6 3.6  53.7* 23.3  143.2* 38.7  117.5*
Vegetable oil 30.0  31.0 34.0  34.4* 39.9  31.6* 38.2  30.4*
Animal fat 13.4  24.2 6.9  19.9* 3.7  13.2* 4.1  13.5*
DataaremeansSDgramsperday.*MeanissigniﬁcantlydifferentfromtheGreenWaterpattern(ANOVA),
P  0.05.
Table 3—Prevalence ratios (95% CI) of glucose tolerance abnormality according to dietary
cluster (2002 China National Nutrition and Health Survey)
Green Water Yellow Earth New Afﬂuence Western Adopter
Model 1 1.0 (reference) 1.22 (1.04–1.43)* 2.05 (1.76–2.37)† 1.60 (1.32–1.95)†
Model 2 1.0 1.26 (1.07–1.48)* 1.45 (1.21–1.72)† 1.07 (0.84–1.36)
Model 3 1.0 1.04 (0.88–1.22) 1.19 (1.01–1.41)* 0.95 (0.76–1.19)
Model 4 1.0 1.12 (0.93–1.35) 1.24 (1.04–1.49)* 0.99 (0.78–1.26)
Model 1: unadjusted. Model 2: adjusted for area (urban/rural), age, sex, current smoking, physical activity
level, family history of diabetes, education level, and family income. Model 3: additionally adjusted for BMI.
Model 4: Model 2 additionally adjusted for WHtR. *P  0.05; †P  0.0001.
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and food factors that are related to the
presence of glucose tolerance abnormali-
ties, i.e., newly diagnosed diabetes and
pre-diabetes, will provide the basis for fu-
ture prevention studies and thereafter
hopefully prevention action.
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